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Iowa's Odonata: Declining and/or Changing? 
ROBERT W. CRUDEN1 and 0.). GODE, JR.2 
1Department of Biological Sciences, University of Iowa, Iowa City, IA 52242 
2918 Estron St., Iowa City, IA 52246 
We undercook a comprehensive survey of the Order Odonata in Iowa. Because the credibility of our conclusions derives from our 
collecting strategy and effort, we discuss our strategy in depth. We collected throughout the state (more than 500 sites in 94 counties), 
throughout the flight season (late May-early October), and tried ro visit several habitats in each county. Our 7900+ observations 
made between 1993 and 1996 include approximately 2300 county records, 93 of the 110 species reported for the state, and eight 
species previously unknown from the state. At least 30 species are secure and occur across the state. Other species are secure within 
their distributional ranges. A disproportionate number of species (26/41) that reach the edge of their distributional range in Iowa are 
imperiled. Other factors, e.g., habitat loss, contribute to being imperiled. The 15 species reported for the state that we did not collect 
must either be extremely rare, extirpated, or never occurred in the state. 
A comparison of our data with that collected early in the century suggests considerable change in the odonate fauna. The distri-
butional ranges of at least six species probably expanded westward across Iowa in response to the construction of deeper, permanent 
lakes and ponds. Changes in our river systems probably contributed to the expansion of the distributional ranges of ten species as 
well as the extirpation of a few species. The Mississippi River fauna lost species, lost populations, and populations of several species 
are smaller. 
Without some knowledge of what species occur in a region and where they live, it is difficult, probably impossible, to formulate 
sound measures to manage, preserve, or otherwise protect individual species, particular biotas, or habitats. Without appropriate data 
we do not know if a given species is secure, rare, or critically imperiled (see Appendix 1 for definitions), or what species to expect in 
specific habitats. Our study of Iowa's dragonflies and damselflies was initiated to document what species presently occur in the state, 
their distributional ranges, habitats, and flight periods. Two likely results would be the identification of imperiled species and species-
rich habitats. 
INDEX DESCRIPTORS: Odonata, dragonflies, damselflies. 
Because Iowa's wetlands and river systems were changed profound-
ly by human activities (Bishop 1981), it is probable that associated 
faunas also have changed. Demonstrating that a biota has changed 
and that it is a consequence of changed environmental conditions 
requires comparable data from before and after the environmental 
change (e.g., Lannoo et al. 1994). Fortunately, Elrod (1898), Whedon 
(1912), Wilson (1909, 1921) and Wells (1917) provide some insight 
as to what odonate species were present in specific habitats 80-100 
years ago. 
The primary objective of this paper is to address change in the 
state's odonate fauna. Because our conclusions are a function of our 
collecting strategy and effort, we present and examine that strategy 
and briefly summarize our effort. We list all the species reported for 
the state and discuss questionable records, thus our conclusions also 
reflect systematic accuracy. We summarize our data, which include 
information on the distribution and abundance of each odonate spe-
cies within the state. Finally, we use the data to address change and 
decline in our odonate fauna in the context of postsettlement habitat 
change. For example, are there new species in the state? Were any 
species extirpated in the past 80 years? Have the distributional rang-
es of species expanded or contracted? 
METHODS AND RESULTS 
We started our study with the intent to collect in each county: 
1) several times during the flight period, 2) in a variety of habitats, 
and 3) a minimum of 30 species (see below). We anticipated that 
the distributional ranges of species that were previously unreported 
in the state might barely reach Iowa, and thus would have occurred 
in peripheral counties. We deliberately collected in the corners of 
the state because they were closest to the distributional ranges of 
species that are primarily southeastern, southwestern, etc. If we met 
these goals, we would have encountered virtually all of the species 
extant in the state and also gained an understanding of their habitats, 
flight periods, and distributional ranges. 
Number of visits and habitats 
There are several reasons for collecting repeatedly at a given site. 
1) Some species emerge early and others late in the season. 2) A few 
species may take two years or more to complete their development. 
3) Species with short flight seasons may otherwise be missed. 4) 
Species with quite small populations may otherwise be missed. Our 
collecting in Buchanan and Keokuk Counties (Table l) is illustrative. 
We visited Koutny Pond (Buchanan Co.) five times and on three of 
the four visits following our initial visit, we collected at least one 
species that we had not seen previously. The differences between the 
collections on 19 June 1995 and 29 July 1996 reflect, in large part, 
early and late season species. Successive visits to Stream #1 yielded 
additional species. Likewise, repeated visits to the lake in Yen-Ruo-
Gis County Park (Keokuk County) yielded additional species. 
Visiting an array of habitats in each county is time consuming 
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Table 1. Collection records for Buchanan and Keokuk Counties. The section, township, and range are given for each site at the 
end of the table. 
BUCHANAN COUNTY KEOKUK COUNTY 
DATE SITE # NC CT DATE SITE # NC CT 
19-Ju-95 Koutny Pond 17 17 17 17-Au-94 Skunk R. 5 5 5 
Stream #1 3 3 20 Sandy stream 1 0 5 
1-Jl-95 Stream #1 3 1 21 Belva-Deer Rec 5 5 10 
Buffalo Cr 2 1 22 Stream #1 2 1 11 
Stream #2 3 0 22 29-Ju-95 Stream-Thorburg 2 1 12 
6-Au-95 Koutny Pond 10 4 26 Yen-Ruo-Gis Pk 16 10 22 
Bear Cr 6 2 28 Stream S of Pk 6 3 25 
30-Au-95 Koutny Pond 6 0 28 8-Jl-95 Yen-Ruo-Gis Pk 20 7 32 
Lime Cr 3 0 28 4-Au-95 Yen-Ruo-Gis Pk 19 1 33 
9-Jl-96 Koutny Pond 13 3 31 River S Rose Hill 6 0 33 
Stream #1 5 0 31 13-Se-95 Yen-Ruo-Gis Pk 6 0 33 
29-Jl-96 Koutny Pond 20 7 38 Creek 9 3 36 
Bear Cr 13 1 39 Stream #2 7 0 36 
Mud Cr 10 2 41 Griffen Pk 8 1 37 
Stream #1 4 0 41 South Skunk R. 2 0 37 
3-Au-96 Yen-Ruo-Gis Pk 17 0 37 
Belva-Deer Rec 12 1 38 
1-Ju-97 Yen-Ruo-Gis Pk 8 1 39 
# = number of species identified; NC = new to county; CT = total number of species for county 
Buchanan County sites: Koutny Pond: 36-87-10; Stream #1: 31-88-10; Buffalo Creek: 6-88-7; Stream #2: 25-89-7; Bear Creek: 36-87-10; 
Lime Creek: 23-87-10; Mud Creek: 19-87-10 
Keokuk County sites: Skunk River: 2-74-10; Sandy stream: 34-75-10; Belva Deer Recreation Area: 21-76-11; Stream #1: 22-76-10; Stream-
Thorburg: 27-77-13; Yen-Ruo-Gis Park: 23/24-76-12; Stream south of Park: 26-76-12; River south of Rose Hill: 15/16-75-14; Creek: 23-
76-12; Stream #2: 16-76-12; Griffen Park: 15-76-13; South Skunk River: 11-74-12 
but necessary. It is time consuming because the number of habitats 
usually exceeds the 4-6 sites that can be visited and thoroughly 
explored in a single day. However, visiting an array of habitats is 
necessary because they support somewhat different faunas and some 
species are habitat specific. For example, the fauna of ephemeral wet-
lands, including prairie potholes and shallow ponds, is different from 
that of deeper, permanent ponds and lakes. Species such as Arigom-
phus cornutus, A. submedianus, Epitheca princeps, Perithemis tenera, En-
allagma ebrium, and E. geminatum were collected exclusively in per-
manent bodies of water, whereas Aeshna constricta, most Sympetrum 
and Lestes, and Nehalennia irene frequented ephemeral habitats. 
Likewise, it is necessary to collect in different parts of river sys-
tems. The narrow, usually shallow, upper reaches were inhabited by 
species found only there or were rare or uncommon farther down-
stream (Table 2). Likewise, both the middle and lower reaches sup-
ported species that were either rare or absent elsewhere. The fauna 
also reflected the particular stream or creek bed. For example, the 
three Stylurus and Progomphus obscurus occurred primarily in shallow 
creeks and rivers with sandy beds and rarely in those with muddy 
or rocky beds. 
Minimum Number of Species 
Collecting at least 30 species in each county was an arbitrary goal 
based on the assumption that we would have to collect at least twice 
during the flight season and in a variety of habitats. We reasoned 
that this would result in our collecting most of the common species, 
as well as some that were rare or imperiled. The effort needed to 
collect 40 species in a county resulted in our seeing virtually all the 
common species and many uncommon, rare, or imperiled species. 
This required our visiting numerous sites, some repeatedly. 
Field Strategy 
Our team consisted of two or three people working together, and 
our collecting strategy maximized coverage at each site emphasizing 
depth over breadth. As a team we encountered more species in each 
habitat compared to working singly, compared our observations, and 
discussed the identification of difficult specimens. Also, working to-
gether, we pinpointed the position of particular insects, which en-
abled us to capture specimens we might otherwise have missed. 
At each site we maximized the area covered. We collected along 
different sections of the shorelines of lakes and wetlands and along 
the entire periphery of most ponds. When possible, shorelines were 
collected by walking in the lake or pond because that provided a 
better view of damselflies that flew in or about the bordering vege-
tation. When we collected in streams and creeks, at least one person 
walked upstream and one downstream, usually covering 0.5-1 km 
of the stream or creek. On a number of occasions, we discovered that 
a given species was limited to a small area of a pond, lake, or creek 
and would have been missed with less thorough collecting. Especially 
on streams and creeks, we encountered surprisingly different num-
bers of species and individuals up and downstream, e.g., from a 
bridge. This reflects dramatic changes in stream and creek bottoms 
over short distances, and frequently it is impossible to predict wheth-
er upstream or downstream would provide the best habitat. Rivers 
that were to deep too wade were explored from the bank. 
Site Selection 
Many of the lakes and ponds we visited were preselected from lists 
of sites in the Iowa Sportsman's Atlas (Sportsman's Atlas Company 
1995). We also collected around ponds and wetlands encountered by 
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Table 2. Typical species of different parts of river systems. 
STREAMa CREEK RIVER 
Somatochlora ensigera U-C 
Amphiagrion sp. U-C 
Argia alberta u 
Argia plana c 
Archilestes grandis R R 
Aeshna umbrosa c R 
Enallagma anna A u 
Enallagma exsulans<' R U-C 
Calopteryx aequabilis A c 
Gomphus graslinellusc u R 
Progomphus obscurus u c 
Boyeria vinosa R c 
Hetaerina titia R 
Macromia illinoiensis R 
Stylurus amnicola U-C R 
Stylurus notatus U-C R 
Stylurus plagiatus U-C R 
Gomphurus fraternus R R 
Gomphurus externus c c R 
Calopteryx maculata A C-A R 
Argia apicalisc R A c 
Argia tibia/is R U-C R 
Argia moesta U-C c 
Hetaerina americana R C-A u 
Gomphus vastus R 
Neurocordulia molesta R 
Macromia taeniolatac R 
asueams: upper reaches, 1-3 meters wide. Creeks: middle reaches, 
3-10 meters wide, or wider and seasonally shallow. Rivers: lower 
reaches, usually deep with muddy bottoms 
hOccasionally found in fens and boggy areas 
coccasionally occur in ponds, lakes, or wetlands. A = abundant, C 
= common, R = rare, U = uncommon 
chance. Streams were selected by exammmg county topographic 
maps, and others were sampled as we encountered them. 
Identification and Voucher Collections 
We collected at least one voucher specimen for each species, several 
for most, but we deliberately minimized the number of vouchers 
collected, especially of imperiled or rare species. More than half of 
both the dragonflies and damselflies are easily identified on the wing. 
However, because most Gomphidae, Aeshnidae, and some damselflies 
are difficult to identify on the wing, most were netted and released 
after the genitalia and/or anal appendages were examined with a lOX 
handlens. Those that were problematic were keyed out and then 
released. When we captured a specimen that represented a possible 
new state record, a major range extension, or for which there was 
uncertainly as to identification, we kept the specimen. With few 
exceptions our records are based on adult insects, and most of the 
damselfly records are based on male specimens. 
Strategy Reviewed 
Our strategy was successful although we did not meet all our 
goals. Our goal of collecting 30 species in a county resulted in our 
seeing most of the common species in each county and some that 
were uncommon or rare. Furthermore, it provided a good picture of 
the distributional range of most species within the state. The like-
lihood of encountering an imperiled species was substantially higher 
in counties where we collected 30 or more species (31/38) compared 
to those where we collected fewer than 30 species (21/56) (X2 = 
17. 796, P< <0.001) (Contingency table tested with a X2, Sokal & 
Rohlf 1969). We did not reach our goal of collecting 30 species in 
each county (>40 species/county: 5 counties; 30-39 species/county: 
33 counties; 20-29 species/county: 45 counties; <20 species/county: 
14 counties). 
As of October 1996, we had been in the field a total of 290 days 
during the four summers of 1993-1996, and collected at least once, 
usually several times, in 94 of the state's 99 counties. We collected 
least in the southwest, southcentral, and northeast sections of the 
state and most in the northwest, eastcentral and southeast sections 
of the state (Fig. 1, Appendix 1). This distribution is reflected in 
the number of species collected in each section, the number of coun-
ties in each section where we collected 30 or more species, and the 
number of imperiled species collected in each section (Fig. 1). Our 
7900+ observations, i.e., species observed/site/day, include approx-
imately 2300 county records, eight additions to the state list, and 
93 of the 110 species ever reported for the state (Appendix 1). The 
latter number is adjusted for synonyms, misidentifications, and other 
mistakes. 
Could we have obtained equivalent information with less work? 
Collecting in the corners of the state was a good strategy. If we had 
collected only in the four counties in each corner of the state, we 
would have encountered all but 14 of the species we collected. And, 
if we had collected in the 7-9 counties in each corner of the state, 
we would have missed only five of the species we collected. If we 
had collected in every other county, we would have encountered all 
but one or two of the species that we actually collected, and we 
probably would have provided an equivalent picture of the distri-
butional range of most of the species. However, if we had collected 
in every third county, we would have missed 10 species. 
Our data do not support the assumption that species previously 
unreported from the state will occur primarily in the peripheral 
counties (X2=1.901, P>O.l). Five species were encountered in a 
peripheral county (n= 36), one each in the second and third tiers of 
counties (Table 3) and two were widely distributed across the state. 
State List 
Between 1898 and 1924, six papers and a masters thesis were 
published on the Odonata of Iowa (Elrod 1898, Miller 1906, Wilson 
1909, 1921, Whedon 1912, Wells 1917, Hoffman 1924). These 
reported a total of 86 species. Yeager (1932) and Loudon (1933) 
added five species. The combined works of Needham and Westfall 
(1955), Montgomery (1967), Hummel and Haman (1975, 1977), 
Bick, et al. (1977), and Hummel (1978) added 15 species to the 
state list. An additional 14 species were added by Westfall and May 
(1996) and the authors. Previous summaries of the state's Odonata 
were prepared by Whedon (1912) and Yeager (1932). The latter 
paper includes the authors' collections from Page County and an 
uncritical listing of species reported by private collectors and corre-
spondents at various colleges and universities. . 
Of the 120 species reported for the state, at least five are unlikely 
to have been established in the state because their distributional 
ranges do not include Iowa. Yeager (1932) reported Sympetrum mad-
idum Hagen and Enallagma recurvatum Davis from northwest Iowa. 
The former is a western species that does not reach Nebraska (Pruess 
1967) or South Dakota (Bick et al. 1977). The latter is endemic to 
acid lakes in pine barrens from Cape Cod to New Jersey (Westfall 
and May 1996). Loudon (1933) listed Neurocordulia obsoleta Say, a 
northeastern species that reaches Indiana and whose presence in II-
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Fig. I. Map of Iowa showing the nine sections refered to in Appendix I. The section number is toward the top of each section. For each section 
the number of counties where we collected 30 or more species, the number of species collected in the section, and the number of imperiled 
species collected are provided. 
Table 3. Species collected by the authors in just a single county. The United States distribution, county, habitat, and general 
location in Iowa are given. 
UNITED STATES 
SPECIES DISTRIBUTION 
Gomphus mifitaris5 SW 
Ophiogomphus aff. aspersus5 NE 
Ophiogomphus rupinsulensis5 NE 
Stylurus aff. intricatus5 SW 
Aeshna tuberculifera5 NE 
Nasiaeschna pentacanatha E 
Neurocordulia molesta SE 
Libellula cyanea5 EIS 
Lestes forcipatus NE 
Argia emma5 w 
Enallagma boreale N 
Ischnura hastata E 
COUNTY 
Mills 
Buchanan 
Howard 
Woodbury 
Allamakee 
Des Moines 
Polk 
Van Buren 
Hancock 
Crawford 
Dickinson 
Keokuk 
HABITAT 
lake 
stream 
river 
unknown 
unknown 
creek 
river 
lake 
pond 
stream 
unknown 
lake 
3-1 
7-3 
7-1 
2-1 
7-1 
9-1 
5-4 
9-1 
4-2 
2-2 
1-1 
9-3 
aunder tier is the general area of the state (Appdx. 1) followed by the number of counties from the nearest state border. 1 = border county. 
s = state record 
linois is questionable (Montgomery 1967, Cashatt and Vogt 1997a). 
Montgomery (1967) is the only worker to report Aeshna palmata 
Hagen from Iowa. This western species is reported east to Nebraska 
(Pruess 1967) and the Black Hills of South Dakota (Bick et al. 1977). 
Whedon's (1912) report of Sympetrum mimusculum should be attrib-
uted to Erythrodiplax minusculum (Rambur), as his illustration of the 
genitalia is equivalent to those of E. minusculum in Borror (1942, p. 
255) and resembles no North American Sympetrum. E. minusculum, a 
southern species, is reported north to Kentucky, Indiana, Ohio, and 
Pennsylvania (Needham and Westfall 1955), and was probably an 
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accidental in Illinois (Cashatt and Vogt 1997a) and Ohio (Glotzhober 
1995). Whedon (1912) observed "The only specimen of this rare 
species obtained was a badly damaged male, ... ". Whedon's specimen 
was probably an accidental. 
Five additional species should be removed from the state list. The 
specimens cited as Arigomphus pallidus (Rambur) by Wells (1917) are 
in the collection at Iowa State University and belong in A. subme-
dianus. Hummel and Haman (1975, 1977) included Gomphurus ven-
tricosus Walsh in their papers and cited Miller (1906). However, Mil-
ler (1906) did not include this species in his report. The material 
that Whedon reported as Sympetrum semicinctum (Say) probably is bet-
ter placed in S. occidentale fasciatum, a species that was yet to be 
described when Whedon submitted his thesis. It is distributed wide-
ly across Iowa, whereas S. semicinctum is an eastern species and un-
known in Iowa. Hetaerina tricolor (Burmeister) is a synonym of H. 
titia (Westfall and May 1996). Finally, the listing of Argia vivida 
Hagen for Iowa by Westfall and May (1996) was a clerical error 
(Westfall personal communication). It is a close relative of A. plana, 
which we collected throughout Iowa. Argia vivida is a western species 
that reaches southwestern South Dakota (Bick et al. 1977) and pos-
sibly western Nebraska (Gloyd 1958, Pruess 1967, Garrison 1994, 
Westfall and May 1996). 
The 15 species that we have neither documented as occurring in 
the state nor provisionally excluded from the state list (Appdx. 2) 
must be exceedingly rare, extirpated, or misidentifications. Several 
reports are in error or questionable (Appdx. 2). If these served as the 
basis for reports by subsequent workers, the presence of those species 
in the state is questionable. Also, it is likely that some or all of the 
specimens identified by Wilson (1907) and Whedon (1912) as Aeshna 
clepsydra would now be attributed to A. canadensis, which was de-
scribed in 1908 (Walker 1912). Several of Whedon's (1912) obser-
vations indicate that he collected A. canadensis. First, his illustration 
of the superior appendage of A. clepsydra shows it bent upwards and 
the dorsal carina with a few denticles, as in A. canadensis. The su-
perior appendages of A. clepsydra are straight. Second, he observed 
that it was difficult to differentiate between A. clepsydra and A. ver-
ticalis, which is true of A. canadensis and A. verticalis. However, both 
of these species are easily distinguished from A. clepsydra based on 
thoracic color patterns. 
Four species would have been at the very edge of their range in 
Iowa. Sympetrum danae is a northern species that reaches North Da-
kota, the Black Hills of South Dakota (Bick et al. 1977), and north-
ern Wisconsin (Ries 1967), but its presence in Illinois is questionable 
(Cashatt and Vogt 1997a). Epitheca spinigera is a northeastern species 
whose range includes Wisconsin (Ries 1967) and Lake County in 
Illinois (Cashatt and Vogt 1997a). Both Somatochlora linearis and S. 
tenebrosa are essentially eastern species whose ranges extend west to 
Illinois and Missouri. The former is uncommon in Illinois with most 
of the collections (7 /8) being from the southern fifth of the state, 
i.e., south of St. Louis, as are all the recent collections of S. tenebrosa 
(Cashatt and Vogt 1997a). 
Stream/Creek Faunas 
To examine the possibility that the fauna of Iowa's river systems, 
excluding the Mississippi River, changed during the past 90 years, 
we compared the species reported by Elrod (1898), Whedon (1912), 
Wilson (1909, 1921), Wells (1917), and Hoffman (1924) with those 
we collected. These early workers collected at a minimum of 30 sites 
on 21 streams, creeks, or rivers in 21 counties primarily in the north-
ern two-thirds of the state. With the exception of the Iowa River (7 
sites in 5 counties) very few rivers or creeks were visited at more 
than a single site and most sites were visited only once or twice. 
Our collecting effort was much greater, for example we collected 
and/or observed Calopteryx maculata at 315 sites in 82 counties 
whereas the early workers reported it from 17 sites in 16 counties. 
Of the early workers, only Whedon (1912) collected in western Iowa. 
He collected in six counties and collected several times on Mill Creek 
and the Little Sioux River near Cherokee. Subsequently, Loudon 
(1933) visited at least one stream or creek in Page County in south-
west Iowa. 
There is a substantial difference in the number of species with 
statewide distributional ranges reported by the early workers and us. 
Early in the century eight species were reported across the state, of 
which six are still widely distributed across the state, i.e., Calopteryx 
maculata (17-82), Hetaerina americana (11-68), Argia apicalis (5-72), 
A. tibia/is (2-2 3 ), Boyeria vinosa (3-29), and Stylurus amnicola (2-11 ), 
and Whedon (1912) collected all six near Cherokee. (Numbers in 
the parentheses in the preceding sentence refer to the number of 
counties in which each species was collected by early workers and 
by the authors, respectively) There was a significant increase in the 
percentage of counties where Argia apicalis was reported (24% vs. 
77%; t 5 =4.610, P<0.001). The differences between the percentages 
of the other five species were not statistically significant (e.g. He-
taerina americana, 52% vs. 72%; t5 =1.715, P>0.05). We tested the 
difference in the percentage of counties in which a species was col-
lected early vs. late in the century with a test of equality of two 
percentages (Sokal and Rohlf 1969). 
We collected 10 additional species, which were distributed across 
most or all of the state, that were either restricted to the Mississippi 
River, rare in Iowa, or unknown from the state 90 years ago (Table 
4). There was a significant increase in the percentage of counties 
where Calopteryx aequabilis (9% vs. 41 %; t5= 3.233, P<0.005), Argia 
moesta (10% vs. 30%; t5 =2.190, P<0.05) and Enallagma exsulans 
(5% vs. 24.5%; t5 =2.460, P<0.02) were reported early vs. late in 
the century. We collected Gomphurus externus, Amphiagrion sp., Argia 
plana, and Enallagma anna in an equivalent or greater number of 
counties (i.e., 22-55). All of these species are probably more common 
today than they were 80 years ago. Furthermore, we collected at least 
five of the 10 species at each of the 11 sites we visited on streams 
and creeks near Cherokee (Table 4), including Gray Creek about a 
kilometer from where Whedon probably collected on Mill Creek. 
In contrast, the proportion of counties in which three species were 
collected did not increase during the past 80 years, and the distri-
butional ranges of two species may have contracted in the past cen-
tury. The proportion of counties in which Gomphus graslinellus was 
collected was not significantly different (5% vs. 14%; t5 =1.323, 
P>O. l), and we collected Stylurus notatus and S. plagiatus in fewer 
counties. Furthermore, we did not collect Hetaerina titia or Gomphurus 
fraternus in the western half of Iowa, whereas Whedon reported the 
first from the Little Sioux River near Cherokee, and the latter near 
Correctionville in Woodbury County. Whedon (1912) also collected 
a female Dromogomphus spoliatus on Mill Creek near Cherokee. Because 
one is more likely to encounter male gomphids, the presence of a 
female and the absence of males poses the question, did Whedon 
collect an accidental? He collected at the site several times. We col-
lected D. spoliatus only about man-made lakes in southeast Iowa. 
Mississippi River Fauna 
To examine whether the Mississippi River fauna has changed or 
declined during the past 90 years, we compared species reported by 
Elrod (1898), Wilson (1909, 1921), and Wells (1917) with those we 
collected (Table 5). The early workers collected a minimum of 21 
days (9 days at Muscatine) in seven counties, whereas we were in the 
field 22 days and collected in all 10 counties that border the river. 
The 14 species reported by Elrod (1898) were collected in June, and 
Wilson (1909) and Wells (1917) collected between 24 July and 17 
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Table 4. Species reported from streams and/or rivers, excluding the Mississippi River, in Iowa and near Cherokee, IA., based 
on the collections of Elrod (1898), Miller (1906), Wilson (1909, 1921), Whedon (1912), Wells (1917), Hoffman (1924) and the 
authors (1993-1996). The number of counties where a species was collected is given as well as presence or absence in streams 
and creeks near Cherokee, IA. Under Current Status we provide the present status and number of sections of the state in which 
we collected each species (Fig. 1, Appdx. 1). 
EARLY WORKERS AUTHORS CURRENT 
SPECIES IOWA CHEROKEE IOWA CHEROKEE STATUS 
Gomphurus externus la 
Gomphus graslinellus 2ab 
37 + S4, 8 
13 + S3, 5 
Stylurus notatus -C 5 S3, 5 
Stylurus plagiatus ia 
Calopteryx aequabilis 2d 
7 S3, 5 
39 + S5, 6 
Amphiagrion sp. _e 
Argia moesta 2ab 
22 + S3, 8 
28 S3, 7 
Argia plana 27 + S3, 9 
Enallagma anna 55 + S5, 9 
Enallagma exsulans la 
Dromogomphus spoliatus 1 + 
23 S3, 8 
lof S3, 2 
Gomphurus fraternus 6g + 3 S2, 2 
Hetaerina titia 3h + 7 S2, 4 
S2 = imperiled, S3 = rare-uncommon, S4 = secure, S5 = demonstrably secure 
aHenry County 
bJohnson County 
cMississippi R. (see Table 8) 
dDickinson and Blackhawk Counties 
eEarly reports are from ponds/sloughs in Blackhawk and Muscatine Counties 
f Pond and lakes in southeast Iowa 
gHardin, Johnson, Marshall, Woodbury, and Wright Counties 
hCherokee, Johnson, Muscatine Counties 
August. We collected 3 days each in June and October, 8 days in 
July, and 4 days each in August and September. We visited more 
sites (35 -10 more than once- vs. 7)(29 vs. 6 along the river proper), 
accumulated more county records (123 vs. 72), and divided our time 
more equitably among sites. 
The river included three more-or-less distinct habitats that must 
have merged with one another, i.e., the river proper, marshes and 
marshy/boggy margins of the river, and shallow backwaters and bay-
ous, each of which supported a more or less distinctive fauna. Four 
species reported from the river proper early in the century were either 
extirpated or extremely rare, i.e., Gomphus descriptus, Gomphurus fra-
ternus, Stylurus amnicola, and Macromia illinoiensis. Based on the per-
centage of sites where they were collected, four species are now less 
common than 80 years ago, i.e., Gomphurus externus (t5 =2.805, 
P<0.01), G. vastus (t5 =2.156, P<0.05), Argia tibia/is (t5 =3.423, 
P<0.001), and Lestes rectangularis (t5 =2.633, P<0.02). 
A comparison of the numbers of exuviae we collected at 20+ sites 
along the river with those reported by Wilson (1921) suggests that 
local populations have decreased in size. At Fairport, in the summer 
of 1916, Wilson (1921) found numerous exuviae of Gomphurus exter-
nus, G. vastus, Stylurus amnicola, and S. notatus, and collected more 
than a thousand exuviae of S. plagiatus! In contrast, we rarely en-
countered more than 30 to 50 Stylurus exuviae at a site, none of S. 
amnicola, and rarely a dozen Gomphurus exuviae. Furthermore, with 
the exception of Stylurus plagiatus, Wilson (1921) had little trouble 
collecting adults of these species, whereas we rarely observed S. no-
tatus on the wing and only occasionally encountered or captured 
adults of G. externus, G. vastus, and S. plagiatus. 
Three species that probably lived in the marshes adjacent to the 
river and/or the marshy/boggy margins of the river or bayous are 
either extinct or rare, i.e., Lestes vigilax, Libellula quadrimaculata, and 
Nehalennia irene. 
The fauna associated with backwaters and bayous, primarily Li-
bellulidae and Enallagma spp., showed little change in the past cen-
tury. Both E. carunculatum and E. civile were rare in Iowa at the turn 
of the century and are common to abundant today. 
Status 
The tentative status for each species (Appendix 1) is based on the 
number of occurrences in the state, our knowledge of each species, 
and the assumption that the apparent rarity of some species is an 
artifact of inadequate collecting. For example, we collected the three 
Stylurus at scattered sites across the state. However, these species were 
relatively common on those sandy bottomed creeks that we did visit, 
hence we believe these species to be rare or uncommon rather than 
imperiled. Most of the demonstrably secure species were found in 
85% or more of the counties in which we collected (Table 6, Ap-
pendix 1) and were collected at 2-4 sites in each county. Within 
their ranges, secure species were found in more than 50% of the 
counties and usually occurred at 2-3 sites. Rare to uncommon species 
were collected in 15%-49% of the counties and occurred at 1-2 sites 
per county, and some were widely distributed across the state (Table 
6). Most of the imperiled and critically imperiled species occurred 
in less than 5% of the counties and were collected just once per 
county (Table 7). 
Imperiled Species 
We examined rarity as an absolute number and as a relative num-
ber. We have insufficient data to address rarity in the context of 
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Table 5. Species reported from the Mississippi River by Elrod (1898), Wilson (1909, 1921), Wells (1917), and the authors (1994-
1997). Listed are the number of sites and counties in which each species was reported. 
EARLY WORKERS AUTHORS 
SPECIES SOURCE SITES COUNTIESa SITES COUNTIESa 
GOMPHIDAE 
Arigomphus submedianus We 1 7 
Gomphurus externus W,We 4 1,2,5,7 3 6-8 
Gomphurus fraternus We 1 7 
Gomphurus vastus E,W,We 4 1,5,7 6 5-8 
Gomphus descriptus w 1 9 
Sty/urus amnico/a w 2 7 
Stylurus notatus W,We 2 7 10 1,2,4-6,10 
Stylurus plagiatus W,We 2 7 14 1,2,4-10 
AESHNIDAE 
Aeshna canadensis 2 
Aeshna clepsydra w 1 9 
Aeshna vertica/is w 2 7 2 1,2 
Anax junius E,W,We 4 5,7,9 6 1,4,5,8 
MACROMIDAE 
Macromia i//inoiemis w 7 
Macromia taeniolata 3 1,3,7 
CORDULIDAE 
Epitheca cynosura w 2 6,9 
Epitheca princeps W,We 3 2,6,7 6 2-5 
LIBELLULIDAE 
Ce/ithemis eponina E 1 5 
Erythemis simplicicollis E,W,We 3 4,7,9 6 1,2,5,8 
Leucorrhinia intacta E 1 4 1 1 
Libe//u/a /uctulosa E,W,We 3 2,5,7 6 1,2,7,8,10 
Libe//u/a /ydia W,We 2 7,9 7 2,4,5,7,8,10 
Libe//u/a pu/che//a E,W,We 3 5,7,9 6 1,2,5,7,8,10 
Libe//u/a quadrimaculata E 1 4 
Pachydiplax /ongipenis E,W,We 3 5,7,9 4 1,2,8 
P antala jlavenscens W,We 2 7 1 7 
Perithemis tenera W,We 4 2,6,7,9 10 1,2,4,5,8,10 
Sympetrum obtrusum E,We 2 5,7 5 1-3,9 
Sympetrum rubicundulum W,We 2 7,9 1 8 
Sympetrum vicinum W,We 1 7 1 2 
Tramea /acerata E,We 2 5,7 6 2,4,5,7,8 
CALOPTERYGIDAE 
Hetaerina americana W,We 2 7 8 
LESTIDAE 
Lestes rectanularis W,We 3 2,7 
Lestes vigi/ax w 1 7 
COENAGRIONIDAE 
Argia apica/is W,We 4 5,7,9 12 1-3,5-8,10 
Argia moesta w 3 7,9 14 2,3,5-8,10 
Argia tibia/is w 4 5,6,7,9 1 10 
Ena//agma antennatum w 1 9 
Ena//agma carunculatum 11 1,2,4-6,10 
Enallagma civi/e We 1 7 7 1,4,5,8,10 
Ena//agma geminatum w 1 7 1 10 
Ena/lagma hageni w 1 2 1 1 
Ena//agma signatum E 1 5 2 1 
Ischnura vertica/is E,W,We 4 2,4,7,9 15 1,2,4-8,10 
Nehalennia irene E 5 
E = Elrod, W = Wilson, We = Wells 
"Counties from north to south: 1 = Allamakee, 2 = Clayton, 3 = Dubuque, 4 = Jackson, 5 = Clinton, 6 = Scott, 7 = Muscatine, 8 
= Louisa, 9 = Des Moines, 10 = Lee 
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Table 6. Status of species relative to the number of sections of the state in which they occur. 
NUMBER OF SECTIONS IN STATE 
STATUS 9 8 7 6 5 4 
Demonstrably secure 17 
Secure s s 2 
Rare-uncommon 2 s 4 6 8 4 
Imperiled s 
Critically imperiled 
3 
2 
7 
2 
2 
7 
1 
3 
9 
Table 7. Imperiled species in Iowa. Their distribution in the United States is based on information in Needham and Westfall 
(1955) and Westfall and May (1996), and the edge of the range (small letters) was determined from our collections. We also 
provide the number of counties and sites in which we collected each species, factors other than being at the edge of the 
distributional range that may have contributed to their rarity, and status in Illiois (Cashatt and Vogt 1997a,b). 
us 
SPECIES DIST 
ANISOPTERA 
Arigomphus cornutus NC-s 
Gomphurus fraternus E-w 
Gomphurus vastus E-w 
Gomphus militaris SW-ne 
Ophiogomphus aff. aspersus NC-sw 
Ophiogomphus rupinsulensis NE-w 
Stylurus cf. intricatus SW-ne 
Aeshna canadensis N/NE-w 
Aeshna interrupta lineata N/NC-s 
Aeshna multicolor W-e 
Aeshna tuberculifera NE-sw 
Aeshna verticalis NE-w 
Nasiaeschna pentacantha E-w 
Macromia i. illinoiensis E 
Macromia taeniolata E-w 
Neurocordulia molesta S,C-n 
Libellula cyanea E,SC-n 
Libellula quadrimaculata N 
ZYGOPTERA 
Hetaerina titia E,C-n 
Archilestes grandis SW-n 
Lestes congener N,NE 
Lestes eurinus NE-w,sw 
Lestes forcipatus NE 
Argia alberta W-e 
Argia emma W-e 
Coenagrion angulatum N,NC-s 
Enallagma boreale N,NE-s 
Enallagma clausum W-e 
Enallagma ebrium N,NE 
Enallagma vesperum E,C-nw 
Ischnura hastata E,SW-nw 
COUNTIES 
/SITES 
718 
3/3 
S/6 
1/2 
1/1 
1/1 
1/1 
S/7 
7110 
3/4 
1/1 
4/4 
1/1 
616 
4/4 
1/1 
1/1 
6/11 
717 
719 
4/9 
SIS 
1/1 
616 
1/1 
212 
1/1 
4/10 
8/16 
212 
111 
RARITY 
FACTORS 
H? 
HL,CR 
HL,CR 
RI, MR 
MR 
MR 
HL 
HL 
RI?,MR 
MR 
HL,CR,MR 
MR 
HL? 
HL?,MR 
HL? 
RI,MR 
HL 
HL,CR? 
RI 
RI 
HL,CR 
HL,CR? 
RI 
MR 
HL 
MR,HL,CR? 
RI 
H? 
H? 
HL,CR? 
ILLINOIS 
STATUS 
Sl 
S3 
S3 
Sl 
SH 
Sl 
S4 
S4 
SS 
S2 
SS 
S3 
S3 
S4 
S4 
S3 
S4 
S2 
S3 
SS 
NE = northeastern (1/4 US), E = eastern (1/2 US), NC = norrhcentral (1/6 US), W = western, SW = southwestern; e = eastern, w = 
western, n = northern, nw = northwestern, etc. H = habitat lacking, HL = habitat loss, CR = contracted distributional range, MR = 
edge of range barely reaches Iowa, RI = recent immigrant; Sl = critically imperiled, S2 = imperiled, S3 = rare-uncommon, S4 = secure, 
SS = demonstrably secure, SH = historical occurrence 
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Table 8. Comparison of imperiled Iowa species that also occur 
in Illinois with all species reported from Illinois. 
Illinois species 
Imperiled species Iowa 
SH 
17 
1 
STATUS 
Sl/S2 
41 
4 
S3 
22 
6 
S4/SS 
60 
8 
SH = historical records, Sl = critically imperiled, S2 = imperiled, 
S3 = rare to uncommon, S4 = secure, SS = demonstrably secure. 
Data were tested with a RXC test of independence using a G-test 
(Sokal and Rohlf 1969) (G = 1.443, P > 0.5) 
species that in the past, as well as today, inhabited very few sites. 
Thirty of the species we collected were imperiled (Table 7), and 14 
of them were collected just once or twice. Analysis with a 2x2 con-
tingency table showed that a disproportionate number of species (26/ 
41) that reached the edge of their distributional range in Iowa were 
imperiled (X2 = 33.81, P<0.001). Only four of the 54 species whose 
ranges extended beyond Iowa were imperiled. To discover if Iowa's 
imperiled species were also imperiled in Illinois, we compared them 
(only those that also occur in Illinois) with the Illinois fauna (Table 
8). It is clear that being imperiled in Iowa is independent of status 
in Illinois. 
The second measure of rarity can be derived from our data by 
comparing the number of sites in which we collected a particular 
species with the number of sites in which an abundant species was 
collected. For example, deep pond/lake species can be compared to 
Perithemis tenera (192 sites), stream species with Enallagma anna (131 
sites), and creek species with Hetaerina americana (181 sites). In this 
context, E. geminatum (76 sites) was common, Celithemis eponina (40 
sites) was uncommon, and Arigomphus cornutus (8 sites) was rare rel-
ative to P. tenera. 
A number of factors may contribute to rareness (Table 7). Eleven 
species occurred in the outer one to two tiers of counties, i.e., they 
barely reached Iowa. Habitat loss probably contributed to the rarity 
of 10-14 species that lived in rivers and/or wetlands, e.g., Gomphurus 
spp., Aeshna spp., Libellula quadrimaculata, and Lestes spp. Habitat 
loss may have contributed to the contraction of the distributional 
ranges of seven species. These include Aeshna verticalis, Lestes eurinus, 
and probably A. canadensis, which Whedon (1912) or Wilson (1909) 
collected in nonhwest and/or eastern Iowa, and we collected only in 
eastern Iowa. As many as seven species were recent immigrants and 
most lived in man made habitats, e.g., Gomphus militaris and Libellula 
cyanea. If such species arrived very recently there may have been 
insufficient time for them to expand their distributional ranges. Oth-
er species, although distributed across the state, are simply rare for 
no obvious reason. For example, Arigomphus cornutus occurred pri-
marily in man-made ponds and lakes, which appeared to be similar 
to other such ponds and lakes. 
The 15 species we did not collect (Appendix 2) merit funher 
consideration. Lestes vigilax was reponed from sites across the state 
early in the century and Whedon's key and illustrations are consis-
tent with this species. Whedon (1912) collected Gomphus exilis, Hag-
enius brevistylus, and Epiaeschna heros just once and his illustrations are 
consistent with those species. Although we question Wells's (1917) 
identifications of G. crassus and Basiaeschna janata, there remains the 
question, what did he see? Furthermore, three of the 15 species, 
including G. exilis and E. heros, are common in Illinois today (Cashatt 
and Vogt 1997a). In essence, at least four, possibly more, species 
probably occurred in Iowa that we did not encounter. 
DISCUSSION 
The profound changes in the state's aquatic habitats affected spe-
cies, hence faunas, quite differently. At one extreme are the 15 species 
reported for the state that we did not find (Appendix 2), and those 
whose distributional ranges have contracted. At the other extreme is 
a creek fauna that includes more species then a century ago (Table 
4), and species whose distributional ranges have expanded. 
Ephemeral ponds, potholes and wetlands 
Since the time of settlement approximately 95% of the state's 
prairie pot-holes, shallow lakes, and other wetlands have been de-
stroyed (Bishop 1981), which must have resulted in a tremendous 
reduction in numbers of individuals. Relatively common species may 
now be rare, e.g., Aeshna canadensis and A. verticalis, and others may 
have been extirpated, e.g., Lestes vigilax. Many species that occurred 
in ephemeral wetlands at the time of settlement now occur in per-
manent ponds and lakes, e.g., Coenagrion angulatum. It is encouraging 
that two years ago the state initiated a program to restore substantial 
numbers of wetlands. 
Permanent Ponds/Lakes 
Prior to settlement deeper, permanent ponds and lakes were rare 
in the state, and virtually nonexistent outside the Des Moines Lobe, 
i.e., that portion of northwest and nonhcentral Iowa covered by the 
last glaciation. Since then, the excavation of borrow pits, gravel pits, 
and quarries, as well as the construction of farm ponds and large 
lakes, made this rare habitat common. The westward expansion of 
the distributional ranges of at least six species, i.e., Arigomphus sub-
medianus, Epitheca princeps, Celithemis elisa, Enallagma aspersum, E. gem-
inatum, and E. traviatum, most of which were reported only from the 
easternmost counties of the state early in the century, is surely due 
to these new, deeper ponds and lakes. Other species, e.g., Celithemis 
eponina, Perithemis tenera, Enallagma carunculatum, and E. civile, which 
were widely distributed but rare or uncommon at the turn of the 
century, are now uncommon or common. 
River Systems 
Presettlement river systems were different from those of today. 
Observations made on Cayler Prairie in the summer of 1993, a sum-
mer of widespread and devastating flooding in Iowa, suggested that 
the input of water from native prairies into streams was small. Baker 
( 1996) observed that following a 4 inch rain over a 3 hour period 
on a saturated landscape, water levels in potholes rose slightly, there 
was no run-off, and virtually no soil erosion or gullying. This heavy 
rainfall was absorbed by the prairie soil and wetlands. If past native 
prairies soaked up the rains then the river systems would have carried 
much less water, little silt, and there would not have been the erosive 
power that helped produce the high, steep banks of today's streams, 
creeks, and rivers. We suggest that at the time of settlement, many 
streams (up to 3-4 m wide) extended considerable distances from 
their sources. These streams widened into shallow creeks that may 
have extended almost to their mouths where they entered rivers such 
as the Mississippi and Missouri or major tributaries of those rivers. 
Observations made near the turn of the century are consistent with 
this view of presettlement river systems. Elrod (1898) collected odo-
nates and unios [clams) in the mid-1890s from the Des Moines and 
Raccoon Rivers in Des Moines. He observed, "At this season of the 
year Uuly) the water in these rivers is usually clear and shallow." A 
photograph of the Little Sioux River east of Cherokee (Whedon 
1912) suggests a relatively broad and shallow creek, possibly with a 
sandy bottom. Trees lying in, but mostly out of, the water are con-
sistent with a relatively shallow creek. The near bank is more or less 
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vertical and probably 1-2 m high, and the far bank appears to be 
much lower. Whedon collected Hetaerina titia at this site, which 
resembles sites in eastern Iowa where we collected it. Whedon's pho-
tograph of Mill Creek north of Cherokee shows a broad creek with 
a shallow riffle. The far bank slopes gradually to the water's edge. 
Today the banks in this area are mostly precipitous and usually 2-
3 meters high. Sty!urus amnico!a was common at this site, as well as 
on the Little Sioux River. We collected this species most often on 
relatively shallow, sandy-bottomed creeks and rivers, and only oc-
casionally on deeper rivers. Populations were larger in the former 
habitat. Finally, the presence of Gomphurus fraternus on the Little 
Sioux River near Correctionvil!.i,.in northeast Woodbury County 
(Whedon 1912) is consistent with a relatively shallow creek with a 
rocky or sandy bed. 
Modern farming practices and other human activities dramatically 
altered the state's river systems (Bishop 1981). Throughout the state 
streams, creeks, and rivers were straightened and drainage ditches 
dug. Today, unchannelized streams constitute a threatened habitat 
(Bishop 1981). Many, if not most, streams, creeks, and rivers now 
flow between steep banks, frequently 3-4 meters or more high, a 
consequence of straightening and erosion resulting from the rapid 
runoff of water from agricultural lands and cities. The beds of many 
creeks and rivers are buried in silt and mud. The Mississippi River 
and adjacent wetlands were changed dramatically by the construction 
of locks, dams, and channelization. Given the great changes that our 
river systems have undergone in this century, it is reasonable to 
assume that their fauna also changed. 
Fauna! Change: Streams-Creeks 
Two lines of evidence suggest that the fauna of our streams and 
creeks has changed substantively in the past 90 years, i.e., an increase 
in species richness and local extinction. The available evidence is 
consistent with two western species, Argia plana and Enallagma anna, 
being recent immigrants. These species are uncommon and secure, 
respectively, within the state, and both were relatively common on 
streams near Cherokee. Westfall and May (1996) were the first to 
report A. plana in Iowa, and Bick, et al. (1977) provided the first 
report of E. anna. Whedon's (1912) failure to collect these species 
near Cherokee, or elsewhere in western Iowa, suggests they were 
either quite rare or not there. Furthermore, Loudon (1933) visited 
at least one stream or creek in Page County in southwest Iowa and 
failed to collect A. plana, which we collected on the two streams we 
visited in that county. A third species, Calopteryx aequabi/is, was rare 
in Iowa early in the century and now is common in streams near 
Cherokee and demonstrably secure in the northern half of the state. 
Finally, Loudon's (1933) failure to collect either Hetaerina americana 
or Argia apica/is in Page County, which we found on both the streams 
we collected, is additional evidence that the streams and creeks of 
southwest Iowa have changed during the past 60 years. 
Seven species (Table 4) were known from eastern Iowa or the Mis-
sissippi River early in the century and presumably moved westward 
in the past 75 years. We collected six of these across Iowa and three 
were common on streams and/or creeks near Cherokee, including 
Grey Creek about a kilometer from Whedon's collection site on Mill 
Creek. Also, we collected Gomphurus externus on one of the two 
streams we visited in Page County; whereas Loudon (1933) did not 
see or collect a gomphid in 500 hours of collecting in the county. 
The presence of G. externus in Woodbury County prior to 1933 (Lou-
don 1933) raises the possibility that this species moved into western 
Iowa via the Missouri River and its tributaries. Most of these species, 
including the two western species and C. aequabilis, were distinctive, 
easily identified on the wing, and most were collected by Whedon 
and/or others elsewhere in the state, indicating that they were fa-
miliar with them. Because it is unlikely that the early workers sim-
ply missed these species, it seems reasonable to conclude that they 
were either not there or extremely rare. 
Second, Hagenius brevistylus and Gomphus exilis have not been col-
lected in 90 years, indicating that they may be extinct in the state, 
and two others may be locally extinct in western Iowa. We found 
no rocky or sandy bottomed creeks in northwest Iowa that were 
equivalent to those in eastern Iowa where we collected Gomphurus 
fraternus and Hetaerina titia. The former may be locally extinct in 
western Iowa, and our three collections in eastern Iowa suggest it 
may be imperiled. However, we may not have collected in large 
streams and creeks in western Iowa late enough in the season to 
encounter H. titia; thus it may persist in that part of the state. 
Fauna! Change/Decline: Mississippi River 
A comparison of species collected along the Mississippi River be-
tween 1895 and 1920 with those we collected (Table 5) is consistent 
with both change and decline in the river's fauna. This tentative 
conclusion is based on reasonable collecting efforts that included the 
flight seasons of most species. The river fauna lost species, lost pop-
ulations, and present populations of at least four species are smaller. 
First, four species may no longer occur in the river proper, including 
Gomphus descriptus, which was last collected in 1907 (Wilson 1909), 
Stylurus amnicola, and Gomphurus fraternus (but see below). Second, 
Macromia illinoiensis, which Wilson (1921) observed along the river, 
has seemingly been replaced by M. taeniolata, which we collected at 
three sites along the river. We collected the former elsewhere in 
eastern Iowa, but only on relatively shallow creeks and rivers with 
clear water and stretches of sandy and/or rocky bottoms. Wilson 
(1921) observed the latter primarily on small streams connecting 
sloughs with the river. Third, the apparent decrease in abundance of 
Gomphurus externus, G. vastus, and Argia tibia/is is consistent with 
decline associated with habitat loss. Argia tibia/is was relatively com-
mon 100 years ago and is now rare along the river. It frequents snags 
in rivers and large creeks, a microhabitat that is no longer common 
along the Mississippi. Today, G. externus and G. vastus are rare to 
uncommon along the river due, in part, to habitat loss resulting 
from the impoundment of the river behind locks and dams. 
The only report of G. fraternus from the Mississippi River is that 
of Wells (1917) from Fairport in Muscatine County, although it 
surely occurred in the northeast corner of Iowa, as it was collected 
just across the border in southeast Minnesota and adjacent Wisconsin 
(Wilson 1909). We question Wells' report because he misidentified 
Arigomphus submedianus and A. cornutus and listed two additional spe-
cies based on Wilson's collections at Fairport that Wilson (1921) did 
not report. However, G. fraternus occurs on rivers elsewhere in north-
east Iowa; thus it may have been more widely distributed in the 
river early in the century than the data suggest. If Wells did not see 
or collect G. fraternus and/or G. crassus at Fairport, what did he see? 
The only gomphid reported by Wilson that Wells (1917) failed to 
report was Gomphurus vastus, which is strikingly different from both 
G. fraternus, and G. crassus. 
Two lines of evidence suggest that local populations have decreased 
in size. First, at no site did we collect as many gomphid larvae as 
Wilson (1921) apparently did at Fairport. Second, Wilson captured 
adults of G. externus, G. vastus, Stylurus amnico/a and S. notatus with 
ease at Fairport. We did not collect either exuviae or adults of S. 
amnicola anywhere along the river and rarely observed and/or col-
lected adults of the other species. In essence, these species, which 
were common 80 years ago, at least at Fairport, are either extinct, 
rare, or uncommon today. The Stylurus, including S. amnico/a, are 
uncommon to common on shallow, sandy bottomed creeks and rivers 
elsewhere in the state. 
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Table 9. Some species from Iowa, Illinois, and Ohio that are either rare or were not reported recently. For each species the 
status in each state is given. For Illinois see Cashatt and Vogt (1997). Status for Ohio was derived from maps in Glotzhober 
(1995). 
SPECIES IOWA 
Aeshna canadensis S2 
Aeshna clepsydra SH 
Aeshna verticalis S2 
Nasiaeschna pentacantha Sl 
Arigomphus furcifer SH 
Hagenius brevistylis SH 
Gomphurus vastus S2 
Somatochlora tenebrosa SH 
Lestes vigilax SH 
Enallagma boreale S2 
The open marshes adjacent to the river and marshy/boggy margins 
of the river and bayous are probably an endangered habitat. Three 
species that we did not encounter probably lived in this habitat. 
Lestes vigilax has not been collected along the river or elsewhere in 
the state since 1907 (Wilson 1909), and Libellula quadrimaculata and 
Nehalennia irene were last collected along the river a century ago 
(Elrod 1898) and are imperiled and uncommon, respectively, else-
where in the state. In addition, the decrease in abundance of Lestes 
rectangularis along the river may be due to the loss of this habitat. 
Because we collected only a few times in this habitat and late in the 
flight season, we may have missed one or more of these species. 
With the exception of Enallagma carunculatum and E. civile, the 
fauna associated with shallow backwaters and bayous appears to have 
changed little in 80 years. Both species of Enallagma were rare in 
Iowa relative to E. hageni early in the century and are common to 
abundant today. 
We offer the following scenario to explain changes in the stream/ 
river fauna. As the Mississippi and Missouri Rivers and lower reaches 
of their major tributaries changed, some species moved upstream and 
populations of others declined or suffered extinction. Changes in the 
interior rivers and creeks provided a suitable habitat for species that 
had been excluded from them prior to settlement. Many of these 
species were adapted for life in the silty/muddy rivers and creeks of 
post-settlement Iowa and are now widely distributed across the state. 
Species such as Gomphurus externus, Argia moesta, and A. tibia/is prob-
abaly moved up the rivers and creeks whereas others, e.g. A. plana, 
Enallagma anna, and E. exsulans, probably hopped across the state 
from stream to stream. Our failure to collect Gomphus exilis and 
Hagenius brevistylus, and the contraction of the distributional ranges 
of other species, is consistent with extirpation due to habitat loss. 
Imperiled Species 
At this time 30 species are imperiled in Iowa of which 26 are at 
the edge of their distributional range. Three observations suggest 
that being at the edge of the distributional range is a contributing 
factor to imperilment in Iowa's odonates. First, imperiled species are 
disproponionately represented in species that reach the limits of their 
distributional range in the state. Second, the distributional ranges 
of 11 species barely reach Iowa. Third, of the 22 species that also 
occur in Illinois, 40% are secure in Illinois, which suggests that 
being imperiled is a response to environmental factors in Iowa, pos-
sibly nonanthropogenic factors. A number of other factors contribute 
to being imperiled, including habitat loss, changes in our rivers, and 
insufficient time to spread across the state. 
Approximately two-thirds of our imperiled species live in habitats 
ILLINOIS OHIO 
SH Sl 
SH Sl 
Sl S3 
S4 S2 
SH Sl 
Sl S3 
S3 S2 
S2 S3 
S2 S3 
Sl 
created by and subjected to human intervention. This is a two-edged 
sword. Any accident, e.g., a spraying accident, failure of a sewage 
lagoon associated with a hog confinement, or draining of a pond or 
lake, might result in the extirpation of a critically imperiled species. 
However, because many of these species live in habitats created by 
human activity, there is reason to hope that they occur in more than 
one or a few sites. 
We did not collect 15 species reponed by earlier workers (Ap-
pendix 2). Of these, at least four probably occurred in the state. As 
many as 10 species may never have occurred in Iowa. Most of these 
species did or would have lived in streams, creeks, and/or rivers, open 
marshes and marshy or boggy bordered ponds, habitats that have 
been greatly altered by human activity and/or are now rare in the 
state. 
Imperiled-A Regional Problem 
The large percentage of imperiled Odonate species in Iowa may 
be typical of odonate faunas in general. In Iowa, Illinois (Cashatt 
and Vogt 1997), Ohio (Glotzhober 1995), and Alabama (Tennessen 
et al. 1995), the percentage of imperiled species and those that have 
not been recently collected ranges from 34% to 40%. In all of these 
states a disproponionate number of these species are in Aeshnidae, 
Gomphidae, Macromidae, and Cordulidae. 
At least a few species that we did not collect or are imperiled are 
likewise imperiled in Illinois and Ohio or have not been collected 
recently in those states (Table 9). Both Aeshna clepsydra and Arigom-
phus furcifer may be critically imperiled throughout the southern part 
of their distributional ranges. Aeshna canadensis and Enallagma boreale 
are at the southern limit of their distributional ranges in these states. 
Hagenius brevistylus and Somatochlora tenebrosa have not been collected 
in 90 years in Iowa, are imperiled or rare in Illinois, and uncommon 
in Ohio. Most of these species lived in river systems and wetlands 
that have been tremendously altered by human activity. 
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APPENDIX 1. A list of the Odonata of Iowa based on the collections and observations of the authors 1993-1996 and species 
reported by previous workers. Provisional status of each species is based primarily on the number of sites where it was collected. 
REFERENCES AUTHORS' COLLECTIONSa 
SPECIES 1896-1924 1932/3 1955-1977 1996 N/SITES SECTION HAB STATb 
GOMPHIDAE 
Arigomphus cornutus (Tough) 2,3,4 10,11 7/8 1,2,4,8 L S2 
Arigomphus furcifer (Hagen) [3},7 10,11 SH 
A. submedianus (Williamson) 7 11,13,14 27/34 2-6,8,9 L S3 
Dromogomphus spoliatus Hagen 4 10/12 6,9 L S3 
Gomphurus crassus Hagen [3} 10,11 SR 
Gomphurus externus Hagen 4-7 9 10,14 37/61 1-6,8,9 S,C,R S4 
Gomphurus fraternus Say 3,4 10,14 3/3 5,7 c S2 
Gomphurus vastus Walsh 1,3,5-7 10,11 5/6C 8,9 R S2 
Gomphus descriptus Banks 5 10,11 SH 
Gomphus exilis Selys 4 SH 
Gomphus graslinellus Walsh 4,7 10,11 13/22 1,2,4,8,9 S,C,L S3 
Gomphus militaris Hagen 112 3 L S2 
Hagenius brevistylus Selys 4 SH 
Ophiogomphus aff. aspersus Morse 111 8 c Sl 
0. rupinsulensis (Walsh) 1/1 7 c Sl 
Progomphus obscurus (Rambur) 7 10,11 14/19 2,5,6,9 S,C S3 
Stylurus amnicola (Walsh) 1,4-6 10,11,14 11115 1,2,5,6,8 C,R S3 
Stylurus aff. intricatus (Hagen)* 111 2 Sl 
Stylurus notatus (Rambur) 4,6 10,11 9/12 1,5,7-9 C-R S3 
Sty/urus plagiatus (Selys) 4,6,7 10,11 10/19 5-9 C-R S3 
AESHNIDAE 
Aeshna canadensis Walker 14 517c 4,7,8 L,W S2 
Aeshna clepsydra Say [4},[5} 10,11 SH 
Aeshna constricta Say 3,4,6,7 10-14 20/32 1,2,4,5,8,9 w S3 
A. interrupta lineata Walker 14 7110 1,4,5 c S2 
Aeshna multicolor Hagen 3/4 1,2,8 C,L S2 
Aeshna tuberculifera Walker 1/1 7 L? Sl 
Aeshna umbrosa Walker 7 11,13,14 24/43 1,2,5,7-9 S,C S3 
Aeshna verticalis Hagen 3,4,5 10,11 4/4C 7,9 w S2 
Anax Junius (Drury) 1,3,7 8,9 10,12-14 78/245 1-9 W,L S5 
Basiaeschna janata (Say) [3} 10,11 SR 
Boyeria vinosa (Say) 3,4 10,11 29/56 1,4-9 S,C S4 
Epiaeschna heros (Fabr.) 4 SH 
Nasiaeschna pentacantha (Rambur) 2 10,11 1/1 9 c Sl 
MACROMIIDAE 
Macromia i. illinoiensis Walsh 2,5 10,11 6/6 6-9 C,R S2 
M. taeniolata Rambur 5,7 10,11 4/4 7-9 R,L S2 
CORDULIIDAE 
Epitheca cynosura (Say) 4,5 10-14 60/111 1-9 L,W S4 
Epitheca princeps (Hagen) 2,4-7 10-14 71/124 1-9 L S4 
Epitheca spinigera Selys 9 SR 
Neurocordu/ia molesta (Walsh)** 10 1/1 5 R Sl 
N. xanthosoma (Williamson) 11 SR 
Somatochlora ensigera Martin 10 14/27 1,2,4,5 s S3 
Somatochlora linearis (Hagen) 9 SR 
Somatoch/ora tenebrosa (Say) 3 10,11 SH 
LIBELULLIDAE 
Celithemis elisa (Hagen) 3,4,6,7 10,13,14 11/14 1,4,5,8,9 L S3 
Celithemis eponina (Drury) 1,3,4,6 8,9 10,11,14 35/40 1-9 L S3 
Erythemis simplicicollis (Say) 3-7 8,9 10-14 73/138 1-9 L,W S5 
Leucorrhinia intacta (Hagen) 1-3,6 10,12-14 35/112 1,2,4-9 L,W S4 
Libellula cyanea Fabricius 111 9 L Sl 
Libellula luctulosa Burmeister 1-7 8,9 10-14 85/233 1-9 L,W,S,C S5 
Libellula lydia Drury 1-7 8,9 10-14 84/292 1-9 L,W,C SS 
Libellula pulchella Drury 1-7 8,9 10-12 811373 1-9 W,L,C S5 
L. quadrimaculata Linnaeus 1,3,4 10-12 6/11 1,8,9 L S2 
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APPENDIX 1. Continued. 
REFERENCES AUTHORS' COLLECTIONSa 
SPECIES 1896-1924 1932/3 1955-1977 1996 N/SITES SECTION HAB STATb 
Pachydiplax longipennis (Burm.) 1-7 9 10,11,13,14 60/118 1-9 W,L S5 
Pantala flavescem (Fabricius) 3,4,6 10,11,13,14 14/18 1,5,8,9 S3 
Pantala hymenaea (Say) 3,4,6 11,13,14 8/12 1,2,9 S3 
Perithemis tenera (Say) 3-7 9 10-12,14 77/192 1-9 L S5 
Sympetrum corruptum (Hagen) 1,3,4,6 8,9 10-14 19/37 1-6,8,9 L S3 
Sympetrum costiferum (Hagen) 12-14 13/20 1,4,7 ,8 L S3 
Sympetrum danae (Sulzer) 11 SR 
Sympetrum internum Montgomery 7 11-14 17/28 1,2,5,8,9 L S3 
Sympetrum obtrusum (Hagen) 1,3,4 10-14 25/96 1,2,4,5,7-9 L S4 
S. occidentale fasciatum Walker 11,14 19/52 1-5,8 L,C S3 
Sympetrum rubicundulum (Say) 1,3-7 9 10-14 34/118 1-8 L S4 
Sympetrum vicinum (Hagen) 1,3-5,7 10,11,13,14 16/20 1,4-9 p S3 
Tramea carolina (Linnaeus) 3,(4} 10 SH 
Tramea lacerata Hagen 1,3,4,6,7 8,9 10-14 57/131 1-9 W,L S4 
Tramea onsuta Hagen 3,6,7 8,9 11-14 6/16 1,5 W,L S3 
ZYGOPTERA 
CALOPTERYGIDAE 
Calopteryx aequabilis Say 2,3,6 9 11-14 15 39/145 1,2,4,5,7 ,8 S,C S5 
Calopteryx maculata (Beauvais) 1-7 9 11,13,14 15 82/315 1-9 s,c S5 
Hetaerina americana (Fabricius) 1-7 9 11,13,14 15 68/181 1-9 C,R S5 
Hetaerina titia (Drury) 4 11,13,14 15 717 5,6,8,9 C,R S2 
LESTIDAE 
Archilestes grandis (Rambur) 11,13,14 15 719 2,5,6,9 C,S S2 
Lestes congener Hagen 12-14 15 4/9 1,8 L S2 
Lestes disjunctus Selys 4 11,12 15 11/22 1,2,4,5,7,8 w S3 
Lestes dryas Kirby 2-4,6 11,14 15 6/14 1,4,7 L S3 
Lestes eurinus Say 4-6 11,13,14 15 5f5C 3,6,8 w S2 
Lestes forcipatus Rambur 1,2,4,6,7 11,12 15 111 4 L Sl 
Lestes rectangularis Say 2-6 11-14 15 46/137 1-9 L,S S4 
Lestes unguiculatus Hagen 1-7 11-14 15 65/166 1-9 W,L,S,C S5 
Lestes vigilax Hagen 4,5 11 15 SH 
COENAGRIONIDAE 
Amphiagrion sp. 2,6 11-14 15 22/42 1-5,7-9 S,C,F S3 
Argia alberta Kennedy 15 616 1-3 s S2 
Argaria apicalis (Say) 1,3-7 11,13,14 15 72/224 1-9 L,S,C,R S5 
Argaria emma Kennedy 1/1 2 s Sl 
A. fummipenis violacea Hagen 4 11 15 30/67 1-6,8,9 L,S,C S4 
Argaria moesta (Hagen) 4-7 11,13,14 15 28/59 3-9 C,R S3 
Argaria plana Calvert 15 27/45 1-9 s S3 
Argaria tibia/is (Rambur) 4,5 11,14 15 23/38 1,3,5-9 C,R S3 
Coenagrion angulatum Walker 4 11 15 2/2 1,4 W,L S2 
Coenagrion resolutum (Hagen) 4 11,12,14 15 11/28 1,4 w S3 
Enallagma anna Williamson 16 55/131 1-9 S,C S5 
Enallagma antennatum (Say) 1,2,4-7 9 11-14 15 65/157 1-9 S,C,W,L S5 
Enallagma aspersum (Hagen) 3 11 15 18/23 2-4,6,8,9 L S3 
Enallagma basidens Calvert 15 20/29 1-4,6-9 L,S S3 
Enallagma boreale (Selys) 6 11,13,14 15 1/2 1 L S2 
Enallagma carunculatum Morse 4,7 11,14 15 64/144 1-9 L S5 
Enallagma civile (Hagen) 3,4,6,7 9 11-14 15 81/294 1-9 W,L,S,C S5 
Enallagma clausum Morse 15 4/10 1,4 L S2 
E. cyathigerum (Charpentier) 12 15 17/44 1,2,4,5,8 W,L S3 
Enallagama ebrium (Hagen) 1,2,4-6 11-14 15 8/16 1,2,4,7 ,8 L S3 
Enallagma exsulam (Hagen) 7 11,14 15 23/37 2-9 W,L,S,C S3 
Enallagma geminatum Kellicott 5,6 11,12,14 15 42/76 1-6,8,9 L S4 
Enal/agama hageni (Walsh) 1,2,4-6 8,9 11-14 15 63/272 1-9 W,L S5 
Enallagma signatum (Hagen) 1,2,4,6,7 11,12,14 15 46/78 1-9 L S4 
Enallagma traviatum Selys 15/18 2,3,5,6,8,9 L S3 
Enallagama vesperum Calvert 12 15 2/2 1 L S2 
Ischnura hastata (Say) 1,2 15 1/1 9 L Sl 
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APPENDIX 1. Continued. 
REFERENCES AUTHORS' COLLECTIONSa 
SPECIES 
Ischnura posita (Hagen) 
Ischnura vertical is (Say) 
Nehalennia irene (Hagen) 
1896-1924 1932/3 
3,4,6 
1-7 9 
1-6 8,9 
1955-1977 1996 
11 15 
11-14 15 
11-14 15 
N/SITES SECTION HAB STATb 
15/42 5,6,8,9 L,S S3 
94/537 1-9 W,L,S,C,R S5 
21/49 1-5,7-9 W,L S3 
References are provided for the papers published by earlier workers: 1 = Elrod (1898), 2 = Miller (1906), 3 = Wells (1917), 4 = Whedon 
(1912), 5 = Wilson (1909), 6 = Wilson (1921), 7 = Hoffman (1924), 8 = Yeager (1932), 9 = Loudon (1933), 10 = Needham & 
Westfall (1955), 11 = Montgomery (1967), 12 = Hummel (1978), 13 = Hummel & Haman (1975), 14 = Hummel & Haman (1977), 
15 = Westfall & May (1996), and 16 = Bick, et al (1977). [] = Accuracy of report in question, see Appendix 2 
aFor our collections we provide for each species: the number of counties in which it was collected (N), number of sites at which it was 
collected (Sites), section(s) of the state in which it occurs (see Fig. 1), and habitats in which it was collected. W = potholes, marshes, other 
wetlands (shallow, frequently ephemeral), L = lake (permanent ponds and lakes), F = fen, S = stream (1-3 m wide), C = creek (3-15 m 
wide, or wider and seasonally shallow), R = river (>20 m wide and usually deep) 
bStatus: Sl-critically imperiled because of extreme rarity and/or other factors making it especially vulnerable to extirpation, 1-5 occurrences; 
S2-imperiled because of rarity and/or other factors, 6-20 occurrences; S3-rare-uncommon, 21-100 occurrences; S4-apparently secure, many 
occurrences; S5-demonstrably secure, no possibility of extirpation; SH-historical occurrence, not verified in past 20 years but possibly extant 
in the state; and SR-reported from the state but not persuasively documented 
cBased on collections made in 1997. * - specimen in entomological collection at Iowa State University. ** - based on nymph provided by 
Tod Howard 
APPENDIX 2. Species Reported from Iowa but Not Documented by the Authors. The county where each was collected and 
the source are provided. Some of the reports are questionable. Status in Illinois is from Cashatt and Vogt (1997a,b). These species 
have also been included in Appendix 1. 
SPECIES 
Arigomphus furcifer 
Gomphurus crassus 
Gomphus descriptus 
Gomphus exilis 
Hagenius brevistylus 
Aeshna clepsydra 
Basiaeschna janata 
Epiaeschna heros 
Epitheca spinigera 
Neurocordulia xanthosoma 
Somatochlora linearis 
S omatochlora tenebrosa 
S ympetrum danae 
Tramea carolina 
Lestes vigilax 
COUNTIES 
Story, Henry 
Muscatine 
Des Moines 
Muscatine 
Hardin 
Cherokee, Des Moines, 
Dickinson 
Muscatine 
Johnson 
Story 
Cherokee, Story 
Dickinson, Johnson 
Muscatine 
aRecord based on misidentification = A. cornutus 
SOURCE 
M, N&W, Wea, H 
M, N&W, Web 
M, N&W, Wil 
Wh 
Wh 
M, N&W, Whc, Wi!C 
M, N&W, Web 
Wh 
L 
M 
L 
M,N&W, We 
M 
N&W, We, Wh<l 
M, W&M, Wh, Wil 
bCited by Wells (1917) based on a collection of Wilson but not included by Wilson (1921) 
cMay = A. canadensis (see text) 
IL STAT 
SH 
SR 
S4 
Sl 
SH 
S2 
S4 
SH 
Sl 
S3 
S2 
SR 
S4 
S2 
<llllustration of male genitalia of T. carolina is that of T. onusta 
H = Hoffman (1924); L = Loudon (1933); M = Montgomery (1967); N&W = Needham and Westfall (1955); W&M = Westfall and 
May (1996); We = Wells (1917); Wh = Whedon (1912); Wil = Wilson (1909). Sl = critically imperiled, S2 = imperiled, S3 = rare-
uncommon, S4 = secure, SH = historical occurrence, SR = reported but without persuasive evidence. Dashed lines under Counties indicate 
that the exact location of the collection is not known 
